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Regional Municipality of Hamilton- 
Wentworth, 

Department of Engineering, 

City Hall, 6th Floor, 

Hamilton, Ontario. 

L8N 3V9 


Attention: Mr. W. Wheton, ed Ow eMS fee 
Commissioner of Engineerins. 


Dear Sirs: 


RE: Preliminary Leachate and Gas 
Migration Study 
Dundas .Landfi11 Site 


We are pleased to submit our report that deals with the 
preliminary leachate and gas migration study of the 

Dundas Landfill Site. The assignment was authorized by the 
Region on March 19, 1979, under purchase order number 

R28858. The text of the report documents (A) the terms of 
reference, (B) the methodology, (C) the study findings and 
discussion: Conclusions and recommendations for both 
leachate and gas aspects are presented for your consideration. 
Background data is appended. 


A, TERMS OF REFERENCE 


An arena, the Dundas Olympic Ice Facility was constructed 
to the west and south of the Dundas Landfill Site which 1s 
presently closed. Gas was detected in the area around 
and in the arena itself last year and this problem was 
investigated by others. Recommendations of that 
investigation provided for a passive gas venting system 


Digitized by the Internet Archive 
in 2024 with funding trom 
Hamilton Public Library 


https://archive.org/details/preliminaryleachOOunse 


Page 2 
Mun. of Hamilton-Wentworth 


Reg. 


July 26, 1979 


adjacent to the structure. The Region subsequently 

expressed concern regarding the affect of the entire 
waste disposal site on the surrounding environs and 

the need for control.and monitoring on the landfill 

Site nese] T. 


The present study was then initiated to assess both 
leachate and gas migration aspects as they pertain to 
the landfill site as a whole and as related to the 
total controls or remedial work which may be required. 
Specifically the purposes of the preliminary study 

are a) to identify any potential problems b) to assess 
their scope and c) to determine the necessity for 
detailed hydrogeological/geotechnical investigations, 
associated with the waste. Thus the preliminary study 
iso seasibility and planning nature. 


METHODOLOGY 


The preliminary assessment was carried out using an 
integration of office analysis procedures and field 
investigation techniques. A conceptual hydrogeological 
model of the site and its environs was constructed 

in the office from data obtained from the following 
sources: Ministry of the Environment water well records; 
published geological maps and reports; and existing 
reports such as the Heath ‘Suryey Consultants’ report 
on gas wtiigration at the arena, the William Trow 
Associates' foundation report for the arena, and the 
Peto Associates’ soils report for Olympic Drive. 

As well, aerial photographs from the three time periods 
1954, 1972 and 1978 were stereoscopically interpreted 
to provide details of the location and extent of the 
waste as historically recorded on the photographs and 
Of athe ceolodicesetting. “These, data were plotted on 

a derived base map at a Scale of 1°,= 200%. 


The site was then field checked to verify office 
interpretations and geologically field mapped to show 
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such features as leachate springs and drainage 
conditions. As well, the upper soils around the 
periphery and within the immediate environs of the 
site were checked for the presence of gas using a 
standard gas probe. See map 1, ‘Site Pian. tor aide 
location of all hand auger holes and gas checks, and 
the Appendix for detailed results. There was no sub- 
surface drilling due to the feasibility and planning 
nature of the study. 


Finally all data were collated and analysed, and an 


engineering report prepared to document the findings. 


STUDY RESULTS 


i bs PHYSICAL SETTING: The Dundas, Laat 111) *54 vei Vs 
Situated in the lower portion of the Dundas 
Valley and adjacent to Coovtes Paradise. The 
immediate area is veneered by sands and gravels 
wp to 15 feet deep over. a Glacial stills wh ike 
the lands south and west appear to be infillea 
with soft lacustrine clays. The deeper granular 
soils are associated with a beach bar land form 
extending approximately north-south through 

Phe aved sussee man 2, . physical Setting. tor 
details. Based on the historical airphotos, 


the granular soils were locally extracted. these 


pits then formed the original fill areas. 


From soil borings by others (see the Appendix for 


pertinent details). there appears sto be an 
unconfined ground water syste perched within 
the granular soils. fhe water table varies 
depending upon the tupography and thickness of 
the granular horizon but may be upwards to 15 
feet below ground surface. Since ground water 
flow is expected to be generally a suptle 
reflecticn of the surface topography, there may 
be a ground water divide associated with the 
beach bar. Ground water would in that case flow 


LEGEND 
Hand Auger Hole & Combustible Gas Probe | 
(Gartner Lee Assoc. Ltd., Mar. I979) 
Borehole (Trow Assoc., Nov. 1974) 
Borehole (Heath Survey Consultants Ltd. 
Jan. 1979) 
#20 ~= Borehole (Peto Assoc. Ltd., Jan. I973) 


“Ey boas Dundas Landfill Property Boundary 


Freq Open Water 


aoa Original Contours Altered By Filling and 
Grading 


Location of Schematic >—< Culvert 
Section 


So 


X Hydro Transmission Tower 


= Building 


NOTE: Borehole and hand auger hole locations are not 
surveyed and may vary from the locations shown 


NOTE Base map derived by Gartner Lee Assoc Ltd from 
1959 contour mapping. 1979 landfill contours and existing 
site condition. No field survey control 
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[J Earth Fill 
| Refuse 


Alluvial Soils 
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TTTT™ Steep Slope 

~ Leachate Springs 

A+« Seepage 

@°2° Water Conductivity in umhos/cm. 


wees Approximate Surface Water Divide 


NOTE Base map derived by Gartner Lee Assoc Lid from 
1959 contour mapping. 1979 landfill Contours and existing 
ste condition No field survey control 
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both towards the creek and to the pond to the 

west of the site. Springs were noted at the sand- 
milwantertace along the banks of the creek. 

Due to the lack-of control points, however, a 
detailed analysis of the ground water regime is 
not feasible at thi$ stage. There is no’ recorded 
ground water use in the area of the landfill. 


Hydrologically, the site is situated between 
two drainage basins - the Desjardin Canal and 


Borers Creek - both of which discharge into the 
western end of Hamilton Harbour. The head waters 
of Borers Creek are located on lands above the 
Niagara Escarpment, in the vicinity of Highway 5, 
and the total length of the creek is about 4 miles. 
Although water flow is perennial, at least through 
the lower reaches of the creek, no recorded flow 
data is available. Surface water uses were not 
documented for this study. However, it is known 
that the jands and waters within the western 
portions of Hamilton Harbour form part of the 
Botanical Gardens and that Cootes Paradise in 
particular is an environmentally sensitive area. 


The conductivity, which is a measure of the tetal 
concentration of ions in solution, was measured 
in Borers Creek upstream and downstream of the 
tandstiliae Ihepreadings, showedya slight: increase 
from 725 to 740 micro mhos per centimeter. 


LANDFILL SITE: Based on all available data and 
our geological field reconnaissance survey, the 
area of waste disposal was delineated and is 
shown on map 2, ‘Physical Setting’. Waste extends 
beyond the lands formally designated the Dundas 
Landfill luSitenfwathiagsmanificant: zone to the 
west. The waste was originaily disposed of in 
former gravel pits, but may have subsequently 
included natural ground. Boreholes drilled by 
others indicate that the waste may be in the 
order of 15 to 20 feet deep maximum. Only 
nominal soil cover was observed on the Dundas 
Landfill Site itself; however there appears to 
be o to & feet of clay cover th the area of the 
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soccer»7iend. Ayportivon of Olympic Drive 

was constructed over the waste. See Schematic 
Section 1 for a conceptual view of the hydro- 
geologic setting in a west to-east direction. 


Ground water mounding in the waste is probably 
minimal, being perhaps confined at least seasonally 
to the deeper sections, due to the permeable 

nature of the granular soils within which the 

waste is buried and the local ground water system. 
Leachate springs however were noted both around 

the periphery and within the landfill itself. 

These springs may reflect a perched water condition 
related possibly to local zones of less permeable 
waste and/or of daily clay cover. As well there 
are leachate springs emanating at the base cf the 
slope adjacent to the pond and along tne west 

bank of Borers Creek. The conductivity of these 
springs was in excess of 1000 micro mhos per 
centimeter. 


Gas was detected both in the waste and within the 
immediate environs. The distribution of combustible 
gas in May 1979 is shown on map 3 entitled 
‘Combustible Gas Distribution’. As reported. by 
others gas has migrated off-site towards the 
Dundas Olympic Ice Facility, and is of concern 

to the facility. The migration of gas appears 

to be moveesignvisicant in the area of the soccer 
field. possibly @ result tf “the clay cover, than 
in the Tandfiin site itself, which has less cover 
material. 


ai WATER BUDGET: The water budget for this site 
Was calculated fromeciimatological data at a 
weather recording station in Hamilton. For the 
determination of the potential evapotranspiration, 
the Thornthwaite method of analysis was employed. 
Following is a summary of the results presented 
in Table 1 of the appendix: 
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LEGEND 
EEE Approximate Distribution of Combustible 
Gas ( May, 1979) 


TJ Extent of Fill Underlain By Refuse 


€° Combustible Gas 


NOTE:Base map derived by Gartner Lee Assoc Ltd. from 
1959 contour mapping. 1979 landfill contours and existing 
site condition. No field survey control 
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Average Annual Mean Precipitation 31.2 inches 
Average Annual Potential Evapotranspiration 25.0 inches 
Average Annual Potential Surplus 6.2 inches 


Since the actual evapotranspiration is normally 
+4 inches lower in this area than the potential, 
then the actual water surplus 1s about 10 inches 
per year. 


We estimate that infiltration on the landfill 
iieselitumay Devin tne order of -l2> inches per year 
due to the relatively permeable nature of the 
surface. This infiltration equates to a leachate 
production rate of about 0.5 gallons per minute 

per acre. In the area of the soccer field 
infiltration may be in the order of 6 inches per 
year or 0.25 gallons per minute per acre due to 

the slowly permeable clay cover and grassed surface. 


D, DISCUSSION 


Ue LEACHATE ASPECTS: The results of the study 
indicate that leachate is migrating from the 
wastes. The leachate; which forms from the 
infiltration of rain water percolating downward 
through the waste, enters the shallow unconfined 
ground water system. Flow is then outward towards 
Borers Creek and the pond. The pond, whicn was 
originally a wet slough at the nead of Cootes 
Parddise 1s partially infilled with debris, earth 
and possible garbage, and for this reason the 
additional input of leachate has probably had 
a relatively small impact on the already deteriorated 
environment. On the other hand, leachate entering 
Borers Creek is probably affecting water quality 
based on our preliminary assessment. Although 
the degree of the impact appears relatively small, 
there may be a concern in the future due to the 
environmental sensitivity of the Botanical Garden 
lands down gradient. This matter should be 
discussed with the Ministry of the Environment. 
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Leachate springs emanating from the waste create 
a negative visual impact. In fact the springs 
may become dry during the summer months. 


Control of the leachate within the ground water 
SYSLeMoWi il ebperdiiiicult, 1h.nenedial measures 

are considered necessary. Certainly infiltration 
and thus the amount of leachate can be reduced, 
possibly as much as 50 percent with a clay cover 
SLOW O MGCL tLInicheesce COntOUTING tO promote 
run-off and vegetation to increase evapotranspiration 
of water. Precautions will be necessary for site 
grading to minimize any potential for soil erosion. 
Once leachate enters the ground water system, the 
most practical approach may be to allow off-site 
migration at least in the short term and to 
monitor water quality. There are both technical 
and economic constraints associated with the 
construction of collection alternatives such as 
purge wells, or deep drains. A surface water 
monitoring station up and down gradient as well 

as opposite the fill might be considered to 

provide data for future decisions. 


Since the major concern with the leachate springs 
eerhewlandtiihasi ce as7aesthetic, a cosmetic 
remedy may be justified. A toe drain system is 
probably not justified due to the random and 
discontinuous nature of these perched springs. A 
cosmetic. solution could consist of a granular 
blanket hydraulically connected to the natural 
Sous. see sketch 2 below for detaiis. 


BintAl Cove e. 


GRANULAR BLANKET 


Sketah 2. 
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ry GAS ASPECTS: Based on the results of the study 
and confirmed by others, there is migration of 
Conbustiplendases de this tandftil!l site. Gases, 
in particular methane which is combustible in air 
HaCOnCenL hal Tonomon so. LO l5 percent. are 
produced in the waste. Normally the gas which is 
lighter than air tends to travel upward and dis- 
charges harmlessly from the landfill surface. 
However when the upward movement is arrested 
either by slowly permeable clay cover soils or 
frost and if the confining soils are permeable 
Aerie ethie sithation,at this tacility, lateral 
migration occurs. The lower boundary for gas 
migration is the ground water table. 


The presence of gas and its migration is a concern 
ateeiiis sites As yecognized and veriried by 

this study, methane has migrated towards and 
enveloped the north and east sides of the Dundas 
Ohympie fee: Facility. There is a potential then 
for the concentration of gas within the structure 
and the subsequent danger of an explosion. Gas 
will also tend to follow underground services 
where the bedding is more permeable than the 
surrounding soils and thus these conduits may 

be a concern if they are above the zone of 
saturation, along with manholes and other appurtenances. 


Within the soccer field, the clay cover material 
appears to serve as a barrier to the vertical 
movement of gas. However there are drainage pipes 
under the site which collect gas and conduct it 
tomene discharge ourlet.of the pipe. 


For the protection of the ice facility, a gas 
venting system has been suggested along the 
nonthiand eastasides of the structure. Further 
detailed hydrogeologic information such as depth 
of the water table, soil permeability and limits 
of waste are required for the proper design of a 
system. Permanent gas monitors would be installed 
around the building for purposes of the study and 
for future long-term observations. Conceptually, 
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the system should probably be constructed on 
Regional lands if the Region is responsible for 
construction and maintaince. The system would 
generally conform to the design suggested by 
Heath, with the exception that we suggest that 
jt be an active system. Consideration should 

be given to the depth of the system, relative 

to the water table and the possible construction 
aspects of trenching in saturated sandy to 
gravelly soils. These aspects would be described 
in a detailed study. 


Unless concern is expressed by the Ministry, 

the only other venting suggested is a passive 
system within the waste itself. However any 
proposed development within and adjacent to the 
landfill should be carefully reviewed in response 
to the presence of gas. This proposed development 
would include any enclosed structure, manhole, 
chamber etc. 


Ee CONCLUSIONS AND RECOMMENDATIONS 


The study shows that the Dundas Landfill Site and the 
wastes disposed of in the area are generating leachate 
and gas and that both of these are migrating off-site. 


Leachate is entering the shallow unconfined ground 
water system and is flowing towards the pond to the 
west and Borers Creek to the east. The leachate will 
have some degree of influence on the water quality; 
however the present data indicates that the impact is 
relatively small. There may be concern though with 
Borers Creek since it discharges into the environmentally 
sensitive Cootes Paradise. No practical or economic 
measures appear to be available though for the 
collection of this leachate, although quantities may 
he reduceaqupy proper site closure measures, 76. cover 
and vegetation. 
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Gas is migrating laterally through the permeable sands 
and gravels, particularly from the area of the soccer 
field which is final covered with clay. The gas front 
has advanced and enveloped the north and east sides of 
the Dundas Olympic Ice Facility. A remedial gas venting 
system is necessary to protect the arena. The system 
should preferably be constructed on Regional lands if 
the Region is to assume responsibility. The design 
would ressemble that proposed by Heath except that 
the system in our opinion should be an active one. 
Further details are required for the detailed design 
Op ciems YScen) 1tSe lta. 


Based on the foregoing, we submit the following 
recommendations for your consideration 


1. It ts recommended that a gas venting system 
be constructed on Regtonal property to 
protect the Dundas Olympic Ice Faetltty from 
methane gas. In thts regard, a detattled 
hydrogeo logical-geotechnical study should 
be undertaken to provide all of the parameters 
for the design and construction. Detatls 
of the programme are being transmitted under 
separate cover for your reference. 


2. Remedtal work assoctated with the proper 
elosure of the Dundas Landfill Site ttself 
ts suggested. Thts work should tnelude 
stte re-graditng to promote run-off, surface 
eroston protection, final cover and vegetatton. 
Some cosmette work may also be necessary in 
areas of leachate springs. 


3. All proposed development including structure, 
services and trenches wtth granular backfill 
ete., etther on or within the environs of 
the waste should be carefully reviewed with 
respect to the gas probtem. 


4. The study findings should be reviewed by 
the Ministry of the Environment. 
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We thank you for engaging our Firm on this study and would 
be pleased to discuss any aspects of the project. 


Yours «Very teuyy.. 


GARTNER BEE SASSOGIATES LCIMITIED, 


Dees Vaggeyy ew t.cng., 
Senior Project Engineer. 
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APPENDIX 


HAND AUGER HOLES 


BOREHOLE LOGS 


1) Wrtetram Trow Associates (HAMILTON) LIMITED 
2)  heatH SurveY CoNSULTANTS LIMITED 
3) Peto AssocraTes LIMITED 


BOREHOLE LOG SUMMARY 


William Trow Assiciates (Hamilton) Ltd. | 


BOREHOLE 1 
Uo ae ah 
O07 8! La 
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BOREHOLE 2 
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Q410" 12" 0" 

ibe (Oy = Ze 6" 

BOREHOLE 3 
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Greta a 

ee Au ah Bee 6 


Noyember 11, 1974 


TORSO LL 


“SANDY Silica TILL -— fine sand with occasional 


Sand layers, fine to coayse grayel, clayey; 
red shale fragments, brown, moist to very moist, 
dense. 


STLIY CLAY LILt. = cohesive; fine aravel thravcn= 
Out, oxidized brown becoming grey below 12' depth, 
Very Mo1st, Very Stiff to stiff below 12” depth. 


PIEZOMETER Al 20° 10" 
WATER FHEVEL AT om 4" 


Eillesesfine sang. silty, organic, cCravel,.brawn 
moist, compact. 


SAND AND GRAVEL -~ fine to coarse silty, sand 


Tayers, slightly clayey near 10' depth, brown 
moist becoming wet near 10%" depth, dense to 
very dense. 


SILTY CLAY TILL = cohesive, fine gravel through- 
out, slightly layered with silt partings, grey 
Very MGOlSt. Very STLTT. 


WATER LEVEL AT 10'0O" 


PLU at ines cand.) Sulty, Organic. "CYavel Sizes. 
brown, very moist, compact. 


SANDY Sit lille fine sand with fine to 
CGarse gravel, brewn, moist, very dense. 


SAND - fine sand, silt layers, oxidized brown, 
very moist, wet, compact. 


STUY CUAY Lite = cohesive. some Tine sand, 
fine gravel, grey, very moist, stiff. 


WATER LEVEL AT 1074" 
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BOREHOLE 4 
Oath ete. ale TOPSOIL 
ST Gene Oe SANDY SILT - some organics, dark brown, moist. 


Sapte we ye SAND AND GRAVEL ~- fine to coarse, silty, 
sand layers, brown, moist becoming wet near 
13%' depth, compact to very dense. 


A SR? as 8 Sita (CLAY Lee = cohesive, Slightly layered, 
Silt partings,, fine. gravel sa drey,.veryImoist, 
VEY Stitt. 
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BOREHOLE LOG SUMMARY 


Heath Survey Consultants Ltd. January, 1979. 
BOREHOLE 1 
At Das: (2090" FILL - granular ‘A’ fill material. 
PP ee 2b 0% ~ SANDY OS ELIE oxidized brown sandy silt till. 
6240) oes 9) <0" STUTY CEAY TILL = Stiff, grey brown. silty clay 
ion Ula 
COMBUSTIBLE GAS 2.5% 
HOLE DRY 
BOREHOLE 2 
QF vOe =: 27g" Pri <= aganivar -A* fillLemateriale 
CELIO EE Ae at Oe SEND <STEE TILL = oxidized brown sandy s11t till. 


COMBUSTIBLE GAS 1.5% 
BOLE DRY 
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BOREHOLE LOG SUMMARY 
Peto Associates Ltd. January, 1973 


BOREHOLE 12 
Ch a SOT 0" TOPSOIL 


OO are 9 SILT = medium brown, slightly clayey silt, 
Grits wet. 


Se OF = 10 0° GRAVELLY SAND - wet 
HOLE DRY 


BOREHOLE 13 ox 
OPO ed OPC? TOP So 


0'10" - 10' 0" ‘SILT - medium brown slightly clayey silt, 
grits, wet 


HOLE DRY 


BOREHOLE 14 
OU ite ee PaLies-sandy Stit Tillis morse 


easy eaelor. Oe ORGANIC GARBAGE ~ cloth,wire mixed with sandy 
gravel - mostly wet Sandy salt tom 22° 


18' 0" - 20' 0" ‘GRAVELLY SAND - reddish brown, moist 
HOLE DRY 


BOREHOLE 25 


Of so = 2 6OF FILL --sandy gravel to gravelly sand, fine 
moist to saturated 


AGO fen ho Or ORGANIC GARBAGE - cloth, wire, mixed with grey 
sandy gravel,saturated 


13560" io 15 sO" GRAVEL 


HOLE CAVED TO 4'10" ~- NO WATER 
BOREHOLE 16 
Gt On meet oe 30 FILL - dark brown sandy gravel fill, moist, 
becoming sandy silt with depth 
ota WO gle nner pee ra GRAVELLY SAND - grey gravelly sand, saturated 


HOLE CAVED TO 6'6" - NO WATER 
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FILL - sandy gravel fill, boulders, moist 
ORGANIC GARBAGE = moist 


GRAVELLY SAND «= medium brown, gravelly sand, 
MOTs... 


HOLE CAVED TO 8'O" - NO WATER 


FILL - gravelly silty sand Tile MOS. 
' ORGANIC GARBAGE - cloth, paper ~ mixed with 


sand and gravel and saturated below 12' 
STUTY CLAYe-= Wetter than plastic iimit 
HOLE CAVED TO 11°6” - NO WATER 


FILL ~ dark brown, gravelly sandy silt fill, 
boulders, moist 
SANDY GRAVEL - red brown, sandy gravel, moist 


GRAVELLY SAND - brown grey gravelly sand, 
saturated 


SILTY CLAY - grey silty clay, wetter than 
plastic limit 
HOLE CAVED TO 5°6“ - NO WATER 


SANDY GRAVEL - medium brown, silty sandy 
gravel, morst 


STN CLAY sa airey Silty Clay jdt plastic, Limit 
HOLE DRY 


TOPSOIL 


SANDY GRAVEL - dark, reddish brown silty 
sandy gravel, moist 


SANDY GRAVEL- reddish to medium brown Sandy 
gravel, moist 


Cll Ty Cliy = -arey 51 lty Clay, SPITS “and 
pebbles, wetter than plastic limit 


HOLE DRY 
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AUGER HOLES DUNDAS LANDFILL SITE 
| MAY 28, 1979 


AUGER HOLE 1 


HAND 
O20. 


- 4'0" Medium brown, moist, silty pebbly fine sand fill- 
a few DrIck pleces. 
Combustible gas - 5% 


AUGER HOLE 2 


HAND 
‘2 Oe 


oye at es 


HAND 


eee ke Grey, dry,.% crushed stone 7711. 

6M Red brown, moist, silty pebbly fine sand fill 
becomes wetter. and slightly siltier below 3'0". 
Combustible gas - 15% 


AUGER HOLE 3 


O40" 


SEAS Medium brown, moist silty pebbly fine sand. 
Becomes red brown, softer, wetter, and slightly 
Siltter below 2 0”. 

Combustible gas - 0%. 


HAND AUGER HOLE 4 


HAND 


eS Dark brown, moist, silty sand topsoil. 

Ath tie Red brown, moist, slightly silty sand-occasional 
pebble. Becomes softer, wetter siltier and 
contains slightly more fine gravel with increasing 
depth. 

Combustible gas - 25%. 


AUGER HOLE 5 


O20." 
ae Oi 
et ois 
eee 


HAND 
O*o" 
6 
Be Gus 


oe OF Dark brown, moist, silty topsoil. 

= 162 Medium brown, moist, sandy silt. 

mis) 04 Red brown, moist sandy silt-occasional pebble. 

936" Red brown, moist, silty pebbly fine Sand- 
occasional stones. Refusal at 3'6" on stone. 


Combustible gas - O04. 


AUGER HOLE 6 

= 116? Dark brown, moist, silty topsoil. 

- 3'6" | Red brown, moist, slightly silty fine sand. 
- 4'0Q" Red brown, wet, fine sand. 

mse td Red brown, moist to wet, silty fine sand. 


ALU QE 


Combustible gas - O%. 
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HAND AUGER HOLE 7 


A ae Ps Dark brown, moist, silty topsoil. 
Ob = 3.0 Medium to light brown, moist, silty very fine 
Sand. 
al tat al © Yep Red brown; moist, slightly sandy silt 
Ae a Bi Red brown, moist, silty pebbly fine to medium sand. 


Combustible gas - 0%. 


HAND AUGER HOLE 8 


O08 =) OG barkabrowneamotsets Sis cy ltoosot i. 

Ua siete et Vaal « Bs Red brown, moist, slightly silty pebbly fine to 
medium sand - occasional stone. 
Becomes wetter and slightly siltier below 4'0". 
Rofkusa |\eats4 6) lon stone. 
Combustible gas - O%. 


HAND AUGER HOLE 9 


CSO" fe0 5" Dark brown, moist, silty sand topsoil. 

Okie 6 OO O% Red brown, moist, slightly silty pebbly fine to 
medium sand. -Becomes wetter and slightly 
S7rcier below.> 6.) Occasional stone. 
Combustible gas - O%. 


HAND AUGER HOLE 10 


eet ae oa ey Dark brown, moist, silty sand topsoil. 
G6" Se 20" Red brown, moist, slightly silty pebbly fine 
to medium sand = occasional stone. Refusal 


at 3420" -onestone: 
Combustible gas - O%. 


HAND AUGER HOLE 11 


GoD se eo Dark brown, moist, silty topsoil. 
a eae ee Red brown, moist, silty pebbly fine sand - 
octasionalistone: “Refusal«at 2°0" onrstone. 


Combustible gas - 0%. 


HAND AUGER HOLE 12 


OPO oe 30 6" Dark brown, sandy silt topsoil. 
G86 3.30" Red brown, moist, silty pebbly sand - 
occasional stone. Refusal at 3'O" on stone. 


Combustible gas - 0%. 


HAND AUGER HOLE 13 


Oa e076. Dark brown, moist, silty sand topsoil. 

O65 es ht Red brown, slightly silty, pebbly fine to 
medium sand. Wetter, softer and slichtly 
<iltier from 2’0" - 3'0". No silt below 3*0”. 
Combustible gas - 0%. 
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AUGER HOLE 14 


HAND 
n° Q" 
OLGie 
ih Oop 


HAND 


= oii & Wie 
= 120% 
es PN ay 


Brown, moist, silt (Pond siltation). 
Dark brown, sandy silt fill - slight rank smell. 
Black, moist silty refuse (Paper, wood, glass, 
plastic, construction rubble) - rank smell. 
Refusalsat.2.0" oni rubble. 

Combustible gas - 48%. 


AUGER HOLE 15 


Q2g8 a 
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Pau 


2* 62 
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Brown, moist, pebbly silt fill. 

Greyei Mr stesalt Tihs 

Black, moist silty refuse (Paper, wood, rags, 
construction rubble) - rank smell. 

Black. Moist silt fille Saturated at 3°00". 
Combustible gas - 5% (Gas bubbling in hole). 


RUGERZHOLESIG 


HAND 
i ses @ fas 
O2e 


ose! 
- 510" 


Saturated organic mat (Plant leaves and roots- 
slightly decayed). 

Brown to brown grey, saturated clayey silt. 
Combustible gas - 0%. 


AUGER HOLE 1/7 


HAND 
0? 02 
1'6" 


HAND 


2 1'6" 
Soy ey (Te. 


Grey, moist, clayey slightly pebbly ia ae a fe 
(Some wood and paper mixed aA 

Grey brown to brown, wetter than plastic Viel, 
clayey silt. Saturated below 2'6". 

Combustible gas ~- 0.5%. 


AUGER HOLE 16 


0° Q"” 
1+O% 


pe eey. 


= ats 
= 2FaH 


x 3°65" 


Brown, moist slightly sandy, pebbly silt fill. 
Grey, moist, irregularily stratified Shite ta. = 
Rank smell. 

Black, moist with the occasional wet zone, 

sandy refuse (Paper, wood, rags, construction 
rubble) - rank smell. Refusal at 3'6" on 
eonstruction rubbie, 

Combustible gas - 57% (Slight positive pressure). 
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AUGER HOLE 19 


HAND 
aa fhe 
Poe 


HAND 


= pee) (yyy: 
2 Si Ole 


Brown, moist, pebbly silt fill - some paper 
mixed in. 

Black, mMoisurstity reruse (Plastic, rags, paper, 
leaves, wood, construction rubble) - rank smell. 
Satumated at.310". 

Combustible gas - 11%. 
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chi Moneys cOLst.s clayey Ss 1 ito 7 11 by 

Red brown, moist, slightly silty pebbly sand. 
Occasional stone. Refusal at 4'0”" on stone. 
Combustible gas ~- 0%. 


AUGER HOLE 21 


HAND 


0'o" 
0138" 


me oOrst 
- 604 


Light drey, moust, clayey silt rill. 

Red brown, moist, slightly silty, pebbly sand. 
Stony wet 07 

Combustible gas - 0%. 


AUGER: HOLE. 22 


HAND 
0'0" 


12 OM 


p2 LEO! 
27 GP 


Medium brown, moist, silty sand fill - a few 
pebbles. 

Red brown, moist, slightly silty, pebbly sand - 
eceasional stone. 

Combustible gas ~ 0%. 


AUGER HOLE 23 


HAND 
Oa 0y 
0'6" 
1°Q" 
220" 


mS O62 
= ew 
a ZO" 
ae Bye (sy 


Medium brown, moist, slightly silty, pebbly 
fine to-medium sand fill. 
Medium brown, moist, sandy silt fill. 


Dark g¥ey..moist, mixed silty fill - rank smell. 
Medium brown, moist, slightly pebbly, fine to 
medium clean sand. Stone at 3'0". Grading 


to fine sand below 3'10". 
Combustible gas - 32%. 


HAND AUGER HOLE 24 


(GST 8 he 
On SY 


o's" 
= 2Q" 


Medium brown, moist, slightly silty and pebbly, 
sand Till. 


“Park arey to black, moist silt fill with refuse 


(Paper, glass, wood, plest 1c.) COnStruce ton rubble). 
Refusal at 2°0" on rubble. 
Combustible gas - 8%. 
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HAND AUGER HOLE 25 

OO = 2h" Grey, moist, sandy silt. 

ag = A Dark orey, moist, stTit<fillowith refuse 
(Paper, wood). 

BM be 0” Medium brown, moist, slightly silty fine sand. 
Becomes slightly siltier and wetter below 5'0". 
Combustible gas - 48% 


HAND AUGER HOLE 26 

GO ce 20 Medium brown, moist, slightly pebbly sandy silt 
fille CRefusaigat +20" ion stone. 
Combustible gas ~- 0%. 

HAND AUGER HOLE 27 


Oe Oi a Ogun” Medium brown, saturated, clayey silt fill. 


hae 2 et ae Be Black, wet sTity refuse. 

Og AO Greys mMoist,.clayey sitit fibi. 

FER ae amet ad Oe Medium brown. moist to wet, fine sand. 

Bet ee Oo Medium brown, saturated, pebbly clean fine to 


coarse sand. 
Combustible gas - 50%. 


HAND AUGER HOLE 28 


Oe sient Medium brown, moist pebbly fine to medium sand. 
Refusal at 2'OQ- on stone. 
Combustible gas - 8%. 


HAND AUGER HOLE 29 


UO hed a Light brown, moist, slightly pebbly silty sana T7111. 
108 e870? Red to red brown, moist, pebbly fine to medium 

sand. Slight rank smell: 

Combustibe gas - 24%. 


HAND AUGER HOLE 30 


OOP ee B40" Medium brown, saturated. slightly silty pebbly 
fine to medium sand. Becomes dark grey with a 
Slight rank smell from 1°0" to 1°6”. 
Combustible gas - 30%. 


HAND AUGER HOLE 31 


0'o" - 0'6" Dark brown, silty topsoil. 
DEG =. 40" Red brown, moist, silty pebbly fine sand. 
Combustible gas - 30%. 
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AUGER HOLE 32 


= 6" Black, Saturvatentsirty frills 

Ae Red brown, moist, stlty pebbly fine sand. 
Stones throughout. 
Combustible gas - 30%. 


RUGER HOVE 233. 


soy De Red brown, moist silty, pebbly and stony 


Safe Tae. 

=! G20" Red brown, moist,. slightly silty, pebbly and 
stony fine to medium sand. 

= 676" Medium brown, wetter than plastic limit, 


clayey silt.-sSaturated below 5°*0". 
Combustible gas ~- 0%. 


AUGER HOLE 34 


- 4'Q" Red brown, moist, slightly silty pebbly and 
stony fine to medium sand fill. 
Combustible gas - O%. 


AUGER HOLE 35 


et Ge Medium brown, moist, silty sand fill - some stones. 
- 6'0" Red brown, moist, pebbly fine to medium sand fill. 


Combustible gas - 22%. 


AUGER HOLE 36 


- Q'6" Dark brown, morse, silty topsoil fill. 

op aN ey dae Creve moms tvs tlcy Clav fii le 

a san Red brown, moist, silty, pebbly fine to medium 
Sander 11s 

= i 00 Medium brown, moist, clayey silt fill - small 


pieces -of brick throughout. Refusal at 3°6". 
Combustible gas - 4.5%. 


AUGER. HOLE. 3/ 


- 4'6" Medium brown, moist, slightly stony silt sand fill. 


= ho Darks brown, MoIst.9sT ity topsoil, 


= 5'6” Red brown, moist, slightly silty pebbly fine to 


medium sand. 
Combustible gas - 30%. 


AUGER HOLE 38 


= Doe Red brown, moist, silty pebbly and stony sand fill. 
me #6720" Light brown, wetter than plastic limit, silty 
elves fils 


Combustible gas - OZ. 
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AUGER HOLE 39 


ORO 
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as Oe ay 
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Medium brown, moist, slightly silty, pebbly fine 
to medium sand fill. 

Dark grey to brown, very dense, moist, well 
mixed, siiontly sandy clayey silt fill. 
Combustible gas - 1%. 
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Red brown, moist, slightly silty, pebbly and 
stony fine to medium sand fill. 

Plime oroOwie MOTSt. cClavey Si1t frit. 

Black, Saturated, soft organics. 

Combustible gas - 7%. 


HAND AUGER HOLE 41 


070" 


He (jane 
Syl fot 


a Gs ae 
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Red brown, moist, slightly silty, pebbly and 
stony sand fill. 

Red, mo1st, clayey silt Tritt. 

Black, moist silty refuse (Wood, paper). 
Combustible gas ~- 6%. 
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HAND 
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Sy etge: 


HAND 
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A. By0" 
A AR (Nite 


Grey, very dense, moist, clayey silt fill. 
Occasional pebble. 

Ligntie brown. moist, slightly sandy. $714: 
Medium brown, moist, slightly. silty fine sand. 
Combustible gas - 7%. 


AUGER HOLE 43 


geeoe 
2" 


= DEO 
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Medium brown, moist clayey silt. 
Medium brown, moist, pebbly fine sand. 
Combustible gas - O&%. 


AUGER HOLE 44 


HAND 
0'0" 


iL fey a 


HAND 


1b 2 gy 
BM yt 


Light brown, moist, pesely clayey silt fill. 
Red Drowns MOlsty Sligntly silty, pebbly and 
stonyeseand t1ii. Rerusal at 2 O'on stone, 
Combustible gas ~ 0%. 


AUGER HOLE 45 


“OST ae 


Deane 
26 


= 2 ‘ 0 th 


= 2'6" 
a AXO* 


Red brown, moist, silty, pebbly and stony fine 
sand. 7 ils 

Diack.) 04S tyes i. uy, re7use. 

Grey brown, very dense wetter than plastic limit, 
singnily sandy clayey silt. Saturated below 3*6”. 
Combustible gas - 2.5% 
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AUGER HOLE 46 


Hn? o* 


HAND 


om oO" Grey, very dense, wetter than plastic limit, 
pebbly, silty clay fill. Becomes brown in 
colour below 1'6". Occasional stone. Refusal 


ato 20M Stone. 
Combustible gas - 0%. 


AUGER HOLE 47 


O*O* 
ile (6) 


HAND 


O70" 
0o'g" 


- 1'0" hed UPON, MOIsSts STIGntiy7siity;,.pebbly sand fill. 

mS, OF Grey to grey brown, very dense, moist, clayey 
Sipe itl. ssome-sand mixed in below .2°6" . 
Combustible gas ~- 0%. 


AUGER HOLE 48 


S10 o, Rec prown. cmolsts Selty sand Till. 
roo Grey, very dense, moist, clayey silt fill. 
Combustible gas - 1.5%. 
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HAND 


erga Davktorown: sti tyetopsoei)] fill. 
mre Red brown, moist, slightly silty pebbly sand. 
Combustible gas ~- 0%. 


AUGER HOLE 50 


OO. 


HAND 


ae Oke Dark brown, moist, pebbly, sandy silt fill. 
Necasional;stone. ~Refusal at 3°0" on stone. 
Combustible gas - O%. 


AUGER HOLE 51 


OF 0 


= 2) 6." Bigek,wywet,.Stlcyrtillowith: refuse. (Paper, rubble). 
Rank smell. Refusal at 2°6" 
Combustible gas - 0.5%. 
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AUGER, HOLE 52 


Sh a ci Medium brown, damp silty pebbly sand fill. 
Moist to wet below 2'0". Slight odour. Becoming 
coarser below 26: 
Combustible gas - 3.5%. 


AUGER HOLE 53 


OO! 


elo) Medium brown, moist silty pebbly and stony sand 
frit. Refusal vat 17)” on ‘stone. 
Combustible gas ~ 0%. 
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AUGER HOLE 54 


Oe 


HAND 


- 4'0" Medium brown to grey brown, moist, silty pebbly 
sand fill. Becomes coarser below 1'6". 
Combustible gas - 10%. 


AUGER HOLE 55 


0'9" 
2' gr 
216" 


ee i Day ke De owiine M015 bo Sask 6% 

eer O. Red brown, moist sandy silt. 

- 4'0" Red brown, wet pebbly, sandy silt. 
Combustible gas - 0.5%. 


HAND 


OoOe 


HAND 


AUGER HOLE 56 


- 3'0" Red brown, moist, pebbly and stony silty sand 
fill. Becomes slightly sandier below 2'0Q". 
Combustible gas - 0%. 


AUGER HOLE 57 


OO 


= 2°05 Red brown, moist, pebbly and stony silty sand 
Tile URecUsar ats: 0" “on-sStone. 
Combustible gas - 0%. 


AUGER HOLE 58 


HAND 
€ ial @ es 


HAND 


=~ 2'Q" Red brown, wet, pebbly and stony silty sand 
fill. Becomes moist with less silt below 
POY es REL isd leeds co O sO Ss bOne:. 


Combustible gas - 0%. 


AUGER HOLE 59 


DO)" 
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eee 


ae! BYOWN, MOISt. pebbly Silt fill. 

mal: <b, | Grey, joust, silty Tit). Rank -smell. 

re aN Black, moist Silty refuse (Paper, wood, plastic, 
construction rubble). Rank smell. 
Combustible gas - 43%. 
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TAB Ee 
WATER BUDGET SUMMARY 


(AVERAGE ) 
MONTH ‘ MEAN POTENTIAL WATER WATER 
PRECIPITATION EVAPOTRANSPIRATION EXCESS DEFICIT 


(inches) | _..(inches) (inches) (inches) 


January 2ate 0 AS 
February Ze 50 0 2.38 
March 22/8 0 270 
Apri | Fhe I Ye 1.40 
May 3.09 2.88 ok 
June Aged | 4.70 2.33 
July 2.97 5.59 2.62 
August 2.95 4.96 2201 
September 2.47 alo AY ifs 
October 2.54 J bares) ah 
November ees) .54 1565 
December ces 0 Lacs 

gieec cea Oi 13.89 7.68 


Note ClinatelogicalStation. Location: in Hami)ton 
Latitute 43° 16' N, Longitude 79° 54° W 
Elevyatgon 203° ASL 
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